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left of their intersection. This matches the fin-shaped region exactly on
the right side (at the Voluntary Participation boundary) of Figure 2,
but the plateau of cooperation in the simulations actually extends
all the way to the Weak Immunity boundary. This shows that the
simulations overwhelmingly reached the locally stable cooperative
equilibrium under the simple influence model. In the strip between
the Strong Immunity and Weak Immunity boundaries, this All-Work=
None-Enforce equilibrium is in no sense determined. Of course, if the
model begins with universal cooperation as an initial condition, this
equilibrium would be reached by assumption, but the simulations
began with universal free riding, the least favorable condition for
collective action in the model.

At the intersection of Voluntary Participation and Weak Immunity
boundaries (k��) the intriguing bifurcation in model behavior appears:
The concavity of the relationship between productivity and the incen-
tive value reverses when rivalness exceeds this bifurcation point, as
the All-Work=None-Enforce equilibrium yields to the deleterious
region where the liabilities of first-order free riding and of second-order
antisocial norms both impede collective action. In this region, the indi-
vidual share of the incentive is too small to support full productivity,

FIGURE 4 Antisocial norms over range of rivalness and value of incentive
(g ¼ 1, c ¼ 5, e ¼ 2, N ¼ 10).
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but yet is large enough to invite antisocial norms. This deleterious
region has the lowest productivity in Figure 2.

DISCUSSION

It will be instructive to consider the dynamics of cooperation in the
region between the Strong Immunity and Weak Immunity boundaries,
where the cooperative equilibrium exists but the system may be
trapped in a suboptimal equilibrium enforced by antisocial norms.
Examination of model trajectories from a start of universal free-riding
reveals that the early actor(s) to work in the deleterious region may
often oppose work among peers to hoard the incentive. We can regard
this as a novel and distinct ‘‘start-up problem’’ for collective action,
where the early-movers have a perverse incentive to oppose the late-
comers. Although the region described in P5 also faces this problem,
the system in that region only needs a critical mass of members to
begin working to sponsor a cascade of collective action that dissolves
antisocial norms, yielding the All-Work=None-Enforce equilibrium.

If informal control can turn against the collective good, this sug-
gests an intriguing twist on the second-order free-rider problem.
Free-riding at the second order can provide a net benefit for the collec-
tive in some conditions as well as a net loss in others. The deleterious
region plagued by both free riding and antisocial norms highlights a
particularly interesting result: The role of second-order control
depends not only on the parameters of the collective action problem,
but on the current level of participation. Second-order control is a
threat in lower levels of productivity, because a small number of
workers are more likely to oppose competition from other workers,
but it is necessary in higher levels of productivity, where the number
of workers exceeds the level that can be motivated by the incentive.
Thus, the effectiveness (and costs) of social influence may have
opposite effects at low and high levels of collective action, holding
constant all parameters of the collective action problem.

The original computational experiments were accompanied by
sensitivity analyses that animated the model response surface as auxili-
ary parameters were varied. Those simulations included a broad range of
enforcement costs, varying the incidence of second-order free riding.7

Some of the results were intuitive, such as the negative effect of enforce-
ment cost on participation in the lowest range of incentive value, where

7Kitts (2006) provided online appendices to animate the surface plots of
Work, Promote, and Oppose choices as enforcement costs rise from e ¼ 0 to e ¼ 5:
http://www.columbia.edu/�jak2190/ASR2006/
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collective action depends decisively on prosocial norms and antisocial
norms cannot be found. The observed result for the high-value=high riv-
alness-corner was more sophisticated. Collective action was moderately
widespread above the Voluntary Participation boundary (and outside
the deleterious region) when enforcement entailed no cost. Then, as
enforcement costs rose, the cooperative equilibrium spread out over a
broader space, and thus a ‘second-order free riding benefit’ led some
regions to overcome shirking. However, in other regions the level of par-
ticipation fell markedly as enforcement costs rose. Thus, the sensitivity
analyses suggested that the relationship between second order free
riding and collective action may be more complex than previously
understood. I pursue this question here.

To complement the previously published sensitivity analyses for the
simulations, I will discuss some ways that the certain bounds on model
behavior described here also vary with non-experimental parameters
N and e. This web page provides animated versions of Figure 1,
illustrating how the depicted boundaries depend on N and e:
http://www.columbia.edu/�jak2190/JMS2008/

First consider the boundaries as enforcement costs (e) rise from 0
to 5, corresponding to the sensitivity analyses reported above. See
that both Strong and Weak Immunity boundaries march outward
into higher ranges of l as e increases. The expanding All-Work=
None-Enforce region accounts for the areas where enforcement costs
increased cooperation in the computational experiment.8 This happens
because increasing the cost of enforcement broadens the conditions
under which enforcement of antisocial norms will not be profitable.
On the other hand, collective action outside the boundaries of the
All-Work=None-Enforce region depends on prosocial norms, and thus
rising enforcement costs have a negative impact on collective action
virtually everywhere else. This is the familiar second-order free rider
problem.

8Remember that the Strong Immunity boundary is simply the Immunity from Oppo-
sition boundary evaluated at the level of n that minimizes the right side of (8). It is
necessary to return to this definition and slightly revise the Strong Immunity boundary
for higher e, because when e > 2 then n ¼ 2 is a strictly more favorable condition for anti-
social norms than n ¼ 1. In order for the Strong Immunity boundary to indicate the glo-
bal boundary where no antisocial norms will appear in any state of the model, the Strong
Immunity boundary is then piecewise-defined, l < 2ðeþ gÞ=k where e � 2g and
l < 3ðeþ 2gÞ=2k where e > 2g. The first version applies to all of the simulations in Kitts
(2006) and all other results here, but the piecewise version is needed for the online explo-
ration of e over the range from 0 to 5. (This makes no substantive difference for any of my
conclusions.)
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D
ow

nl
oa

de
d 

B
y:

 [C
ol

um
bi

a 
U

ni
ve

rs
ity

] A
t: 

23
:1

2 
28

 A
pr

il 
20

08
 

Next note that the Weak Immunity boundary depends on group
size, but the Strong Immunity boundary does not. As a group grows
larger, the model predicts that universal productivity is locally stable
at much higher ranges of incentive value. However, this does not
imply that large groups are more likely to reach the high levels of
cooperation required to attain this equilibrium. Notably, the Volun-
tary Participation boundary increases more steeply with rivalness at
higher group sizes. Thus, as the group grows larger, a higher incentive
value is necessary to support voluntary participation at high levels of
rivalness.9

The assumptions that actors have equal power to influence and
influence relations are undifferentiated likely play an important role
in the model’s tendency to reach the locally stable All-Work=None-
Enforce equilibrium between the Strong Immunity and Weak Immun-
ity boundaries. If power were unequally distributed, a small minority
of early workers (only if they could be somehow impervious to anti-
social norms exerted within their own coalition) could coerce peers
to shirk while they hoard the incentive themselves. In those
conditions, the system would be more easily trapped in a suboptimal
equilibrium.

CONCLUSION

Previous analytical results proved that rivalness in selective
incentives leads to perverse regulatory interests and computational
experiments showed how this may lead to antisocial norms under
well defined conditions: Where incentives are too weak to justify
compliance, all actors have a regulatory interest in forcing peers to
work. In this standard scenario, collective action depends on peer
influence and will be undermined by second-order free riding or low
cohesiveness. When presented with valuable rival incentives, however,
members who receive the incentives will have a perverse interest in
opposing work among peers. In this scenario, effective social influence
can undermine collective action and second-order free riding or low
cohesiveness can save it.

Whereas earlier computational experiments had mapped out the
conditions where these two opposite scenarios obtain numerically

9The Voluntary Participation boundary always intersects the l axis (k ¼ 0) at a posi-
tive value (c� g) and increases at an accelerating rate with rivalness. The limiting value
of this boundary as N grows arbitrarily large is l < (c� g)=(1� k), or 4=(1� k) in the
numerical illustration here. I discuss group size here only to explore local robustness,
not to make general arguments about the effect of group size.
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under the model, this article described a set of constraints on actor
behavior in the model that may be stated with certainty. It then
derived system-level consequences of these actor-level constraints,
yielding a set of bounds on micro-level and macro-level model dynam-
ics. This analysis was able to describe much of the model’s qualitative
behavior while relaxing assumptions about social influence processes
that had been required to make the simulations tractable. Doing so
lends confidence to previous inferences from simulation research,
although the results here are less comprehensive and intuitive.

More important, the analyses here explained patterns in model
behavior that were not comprehensible without the mathematical
investigation. For example, the simulation study had shown a more
sophisticated relationship of second-order free riding to collective
action than had been previously appreciated; increasing the enforce-
ment costs amplified collective action in some conditions and inhibited
it in others. The mathematical investigation showed how increasing
the costs of social influence may both broaden the conditions where
universal voluntary cooperation occurs by keeping antisocial norms
at bay in some regions where the selective incentive can motivate col-
lective action without prosocial norms, and yet diminish cooperation
outside those conditions by dampening prosocial norms where they
are needed. In regions where there is no globally stable equilibrium,
the mathematical analysis helps us understand the dynamics of com-
petition over rival incentives. For example, we may expect a distinct
start-up problem in collective action, where the first-movers oppose
later joiners in order to hoard rival incentives, such as prestige, asso-
ciated with participation. Lastly, the boundaries specified here provide
rigorous explanations for the shape of the response surface, including
the curious nonmonotonic effect of incentive value on collective action,
and its even more curious reversal of concavity at a critical value of
rivalness.

Computer simulation is often regarded as a rescue from the unrea-
listic and restrictive assumptions that may be required to make
mathematical analysis tractable. In investigating a previously
published computational experiment, this article employs analytics
as a complement to simulation. Rather than exhaustively specifying
how the model will behave, it merely identifies boundaries on the uni-
verse of observable behavior in the simulation. Those boundaries have
provided a lucid description of the qualitative shape of the response
surface, making both the dynamics and the equilibrium outcomes in
the simulation more intelligible. The analysis here also allowed for
some more general proofs, which are difficult or impossible to obtain
in simulation research.

162 J. A. Kitts
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